



Field Survey and Assessment of Fusarium Wilt Incidence in Cotton (Gossypium spp.) in Hanumangarh District of Rajasthan

ABSTRACT

Cotton (Gossypium spp.) is a vital commercial crop cultivated worldwide for its natural fibre and seed. Among the various biotic stresses affecting cotton production, Fusarium wilt, incited by the soil-borne fungus Fusarium oxysporum f. sp. vasinfectum (FOV), is one of the most devastating diseases, often leading to considerable economic losses. The pathogen is known for its long-term survival in the soil through chlamydospores and its ability to persist in association with the roots of susceptible, resistant, and non-host plants, as well as within infected seed.

In the present study, a systematic survey was conducted in major cotton-growing regions of Hanumangarh district of Rajasthan to assess the incidence of Fusarium wilt. The maximum disease incidence (28.38%) was recorded in Pilibanga (loamy soil), followed by 27.71% in Goluwala (loam), while the lowest incidence (7.82%) was observed in Motsar, which is characterized by loam soil. Morphological observations revealed that microconidia were produced in greater numbers compared to macroconidia. Chlamydospores were found to be abundant, occurring both terminally and intercalarily. The virulent isolate FTH34 (Fatehgarh), the dimensions of macroconidia, microconidia, and chlamydospores were 38.95x6.26μm , 14.67x5.26μm, and 11.88x10.06μm, respectively.
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INTRODUCTION
Fusarium wilt of cotton, caused by the soil-borne fungal pathogen Fusarium oxysporum f. sp. vasinfectum (Atk.) W.C. Snyder & H.N. Hansen, is a globally prevalent disease affecting cotton in most cotton-growing regions. The disease was first reported by Atkinson (1892) in cotton cultivated on sandy, acidic soils. F. oxysporum f. sp. vasinfectum is a cosmopolitan pathogen with a broad host range, known to infect several plant species within the families Leguminosae, Malvaceae, and Solanaceae. In Rajasthan, it is considered one of the most significant diseases affecting cotton cultivation.

In addition to Fusarium wilt, the root-knot nematode (RKN) poses a major threat to cotton production, particularly in the southeastern regions of India, where the interaction between these two pathogens can lead to severe yield losses. Despite the economic importance of the crop, there are currently no commercially available cotton cultivars that exhibit resistance to this disease complex.

Given the lack of resistant varieties and the limited availability of detailed regional data, the present investigation was undertaken to assess the incidence of Fusarium wilt in major cotton growing villages of Hanumangarh and to evaluate the pathogenic potential of Fusarium oxysporum f. sp. vasinfectum  under field conditions.

MATERIALS AND METHODS

COLLECTION
A systematic survey was conducted during 2023-2025 across major cotton growing villages of Hanumangarh district of Rajasthan, including the villages of Sadulsahar, Dholipal, Sarni, Goluwala, Pilibanga, Lakhasal, Fatehgarh, Rampura, Pallu, Baropal, Kalasar, Birkali, Rawatsar, Ramsara, Nohar, Kirara, Bhadra, Jogiwala, Motsar, Kunji to assess the prevalence of wilt disease in cotton. In each Villages, five distinct locations were selected for field-level inspection, totaling 100 survey sites. At each site, cotton fields were selected randomly, and within each field, a row measuring 10 meters in length was demarcated for disease assessment.

Cotton plants exhibiting characteristic symptoms of Fusarium wilt such as yellowing and wilting of younger leaves, epinasty, stunted growth, chlorosis of older foliage, and vascular browning at the collar region were identified and recorded. The total number of plants and the number of symptomatic (wilt-affected) plants were counted in each sampled row. The disease intensity was then quantified as percent disease incidence (PDI) using the following formula:

This survey provided a comprehensive overview of the spatial distribution and intensity of Fusarium wilt across the major cotton-producing  villages of Hanumangarh, Rajasthan.
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ISOLATION

Collected root samples from wilt-affected cotton plants were thoroughly washed under running tap water to remove adhering soil particles. The cleaned roots were then aseptically cut into segments approximately 2 cm in length. Surface sterilization of the root bits was performed using 1% mercuric chloride (HgCl₂) for one minute, followed by three successive rinses with sterile distilled water to eliminate any residual sterilant. The sterilized root segments were subsequently blotted dry using sterile filter paper under aseptic conditions.

For isolation of the pathogen, the half-plate method was employed, wherein potato dextrose agar (PDA) medium was poured on only one half of a sterile Petri plate. The prepared root bits were placed along the edge of the PDA medium, and the plates were incubated at 28 ± 2°C for a period of seven days. Following incubation, fungal growth emerging from the root tissues was examined, and the pathogen was identified based on morphological characteristics. Pure cultures of the isolated fungus were maintained on PDA medium and stored under refrigeration for further studies.

CULTURAL AND MORPHOLOGICAL CHARACTERIZATION OF THE PATHOGEN
Six isolates of Fusarium oxysporum f. sp. vasinfectum, obtained during the survey, were cultured on potato dextrose agar (PDA) medium to assess their growth characteristics and variability in colony morphology. From eight-day-old cultures, 9 mm diameter mycelial discs were aseptically excised using a sterile cork borer and centrally placed on sterile Petri dishes (90 mm diameter) containing 15 ml of solidified PDA medium.

The inoculated plates were incubated at room temperature (28 ± 2°C) for a period of seven days. Observations on radial mycelial growth, colony morphology (including color, texture, and margin characteristics), and sporulation were recorded on the seventh day after inoculation (7 DAI). This evaluation facilitated the characterization and differentiation of the isolates based on their cultural and morphological features.
RESULTS AND DISCUSSION

The comprehensive field survey conducted across various villages in Hanumangarh district, Rajasthan, aimed to assess the prevalence of Fusarium wilt in cotton-growing areas. The results presented in Table-1 demonstrated significant variation in disease incidence across the different locations surveyed. The highest percent disease incidence (PDI) was recorded in Pilibanga, reaching 28.38%, where the soil was identified as loamy in texture. This was closely followed by Goluwala, which reported a PDI of 27.71%, also with loam soil. In contrast, the lowest disease incidence was observed in Motsar, at 7.82%, even though the soil texture there was similarly loam. These variations indicate that while soil texture may play a role in disease development, other environmental or agronomic factors such as crop rotation, irrigation practices, and pathogen load may also significantly influence disease incidence. The soil pH in all surveyed fields was found to range between 7.0 and 7.8, which falls within the slightly neutral to slightly alkaline range, known to be conducive to the growth of Fusarium oxysporum.

The persistence of Fusarium oxysporum f. sp. vasinfectum in agricultural soils poses a serious challenge to disease management. As reported by Smith and Snyder (1975), once introduced into the field, the pathogen has the ability to persist indefinitely, making its eradication extremely difficult. Further corroborating this, Smith et al. (2001) documented that the pathogen was capable of surviving for over a decade in soils left unplanted with cotton. Such prolonged survival is characteristic of its nature as a true soil inhabitant, as originally described by Garrett (1944). This ecological classification implies that the fungus not only survives saprophytically-feeding on decaying organic matter-but can also colonize a wide range of alternate hosts. This saprophytic ability allows the fungus to endure adverse conditions, remaining dormant until it encounters a suitable host, thereby complicating crop rotation-based control strategies.

To gain a deeper understanding of the pathogen’s identity and diversity, twenty fungal isolates were collected from wilt-infected cotton plants across different survey sites. These isolates were subjected to cultural and morphological characterization, revealing a high degree of variability. Colony coloration varied considerably among the isolates, ranging from pure white to white with distinct pinkish, orange, or yellowish tinges. Such pigmentation can be attributed to differences in strain physiology and metabolic activity. The mycelial topography also varied from flat and spreading to elevated and fluffy in appearance. Notably, several isolates, particularly those from Lakhasar (LKS42), Ramsara (RMS50), and Kirara (KRR47), displayed a distinct central ring formation along with yellowish or colorless droplet exudation on the colony surface. These phenotypic traits are often used in preliminary identification and strain differentiation in Fusarium species.

Microscopic observations of the isolates further confirmed the identity of the pathogen. Both microconidia and macroconidia were observed, which aligns with classical descriptions of Fusarium oxysporum morphology as reported by Subramanian (1950). The microconidia were hyaline (transparent), typically oval or ellipsoidal in shape, and were observed as either unicellular or bicellular structures. Their dimensions varied, with lengths ranging from 11.65 µm in isolate NHR40 to 22.26 µm in BDR24, and widths ranging from 4.18 µm in multiple isolates to 5.49 µm in BDR24. These microconidia are usually borne on short monophialides and play a role in rapid spread and colonization.

The macroconidia were also hyaline and exhibited the characteristic fusiform (spindle-shaped) structure, generally containing three to five septa. Their sizes ranged from 24.20 µm (in MSR50) to 38.95 µm (in FTH34) in length, and from 4.72 µm (LKS42) to 7.26 µm (DPL32 and RWS60) in width. These macroconidia serve as the primary propagules for infection and are often produced on sporodochia. Across all isolates, microconidia were produced in greater numbers than macroconidia, a feature typical of Fusarium oxysporum.

In addition to conidia, chlamydospores- thick-walled resting spores-were abundantly observed in all isolates. These were seen both terminally (at the ends of hyphae) and intercalarily (within hyphal cells). Their formation plays a key role in the long-term survival of the fungus under harsh environmental conditions. The virulent isolate FTH34, collected from Fatehgarh, exhibited notably larger spore dimensions. In this isolate, macroconidia measured 38.95 × 6.26 µm, microconidia measured 14.67 × 5.26 µm, and chlamydospores were 11.88 × 10.06 µm in size, suggesting a potential correlation between spore morphology and virulence (Table 2).

Based on the detailed cultural and morphological characteristics, all the twenty isolates were conclusively identified as Fusarium oxysporum f. sp. vasinfectum, the causal agent of cotton wilt (as summarized in Table 2). This confirms the widespread presence and diversity of the pathogen in the Hanumangarh cotton belt, underscoring the urgent need for integrated disease management strategies involving resistant cultivars, soil amendments, and biological control agents.
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	1.       
	Sadulsahar
	29.9078
	74.1754
	L
	SDR41
	6.9
	14.43
	18.33
	17.81
	16.85

	2.       
	Dholipal
	29.7526
	74.2737
	CL
	DPL32
	6.4
	18.34
	20.26
	24.43
	21.01

	3.       
	Sarni
	29.6259
	74.2874
	Cl-Si
	SRN61
	6.3
	17.28
	21.87
	21.56
	20.23

	4.       
	Goluwala
	29.6302
	74.0564
	L
	GLW42
	7.4
	26.24
	28.59
	28.32
	27.71

	5.       
	Pilibanga
	29.485
	74.0762
	L
	PLB32
	7.1
	27.25
	28.99
	28.91
	28.38

	6.       
	Lakhasal
	29.5598
	73.9659
	CL
	LKS42
	6.5
	19.15
	18.34
	17.87
	18.45

	7.       
	Fatehgarh
	29.5103
	74.2429
	Si-L
	FTH34
	6.8
	22.87
	21.67
	23.56
	22.72

	8.       
	Rampura
	29.1522
	74.4423
	L
	RMP47
	6.1
	26.43
	24.11
	19.34
	23.29

	9.      
	Pallu
	28.9327
	74.2114
	CL
	PLU49
	6.3
	18.56
	19.17
	19.67
	19.13

	10.   
	Baropal
	29.3563
	74.0799
	L
	BPL30
	7.4
	19.32
	17.69
	21.11
	19.37

	11.   
	Kalasar
	28.9324
	74.1798
	CL
	KLS42
	7.3
	19.23
	19.56
	22.17
	20.32

	12.   
	Birkali
	29.1399
	74.5934
	Cl-Si
	BKL25
	7.2
	18.22
	19.31
	17.61
	18.38

	13.   
	Rawatsar
	29.2648
	74.4087
	L
	RWS60
	6.5
	24.12
	23.28
	22.43
	23.27

	14.   
	Ramsara
	29.2509
	74.8259
	L
	RMS50
	6.2
	17.11
	17.26
	16.38
	16.91

	15.   
	Nohar
	29.1874
	74.7724
	CL
	NHR40
	6.6
	19.56
	26.82
	22.28
	22.88

	16.   
	Kirara
	28.9467
	75.1314
	L
	KRR47
	6.6
	22.34
	26.43
	24.24
	24.33

	17.   
	Bhadra
	29.1051
	75.1698
	CL
	BDR24
	7.4
	14.67
	18.55
	24.25
	19.15

	18.   
	Jogiwala
	29.1033
	75.2756
	Cl-Si
	JGW40
	7.1
	8.11
	9.32
	8.91
	8.78

	19.   
	Motsar
	29.6259
	74.2874
	L
	MSR50
	7.3
	7.93
	7.23
	8.31
	7.82

	20.   
	Kunji
	28.9623
	74.9574
	CL
	KJI30
	6.3
	16.65
	17.86
	18.25
	17.58


Table. 1- Incidence of Fusarium wilt in different cotton growing villages of Hanumangarh district of Rajasthan
Table.2- Cultural and Morphological characteristics of various Fusarium isolates
	Sr. No.
	Isolates
	Colony Color
	Substrate Color (Pigmentation)
	Colony Characters
	Spore Characters
	Spore size

	1. 
	SDR41
	Creamy white 
	Yellowish white colour 


	Raised fluffy growth with center ring and small light yellowish white droplets on the mycelium 
	Macro conidia - fusiform shape, blunt end, 4-5 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 32.19x5.62μm 

Micro conidia- 16.133x5.23μm 

Chlamydospore-10.84x11.36μm 

	2. 
	DPL32
	Dull white colour
	Yellowish white color 


	Raised fluffy growth with center ring growth of mycelium 


	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 37.95x7.26μm 

Micro conidia- 16.67x5.26μm 

Chlamydospore-11.88x10.06μm 

	3. 
	SRN61
	Bright white with light orange 
	Dull yellowish white colour 


	Raised fluffy growth with raised white colour growth of mycelium 
	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 26.20x6.25μm 

Micro conidia- 14.65x4.18μm 

Chlamydospore-11.87x11.48μm 

	4. 
	GLW42
	Bright white with light orange 
	Yellowish orange color 


	Raised fluffy growth with raised white colour growth of mycelium 
	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 27.20x6.35μm 

Micro conidia- 13.65x4.18μm 

Chlamydospore-11.87x11.48μm 

	5. 
	PLB32
	Bright white colour 
	Dull whitish yellow colour 


	Raised fluffy white colour mycelium 


	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, 0-1 septate 
	Macro conidia- 33.64x6.84μm 

Micro conidia- 21.26x5.19μm 

Chlamydospore-10.70x10.24μm 

	6. 
	LKS42
	Creamy white 
	Yellowish white colour 


	Raised fluffy growth with small light yellowish white droplets on the mycelium
	Macro conidia - fusiform shape, blunt end, 4-5 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 31.26x4.72μm 

Micro conidia- 13.46x5.20μm 

Chlamydospore-12.55x11.75μm 

	7. 
	FTH34
	Dull white colour
	Dull whitish yellow colour 


	Raised fluffy growth with center ring growth of mycelium 


	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 38.95x6.26μm 

Micro conidia- 14.67x5.26μm 

Chlamydospore-11.88x10.06μm 

	8. 
	RMP47
	Creamy white 
	Dull whitish yellow colour 


	Raised fluffy growth with center ring and small light yellowish white droplets on the mycelium 
	Macro conidia - fusiform shape, blunt end, 4-5 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 31.19x5.62μm 

Micro conidia- 16.133x4.23μm 

Chlamydospore-10.84x10.36μm 

	9. 
	PLU49
	Dull white colour
	Yellowish white color 


	Raised fluffy growth with center ring growth of mycelium 


	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 37.95x6.26μm 

Micro conidia- 15.67x5.26μm 

Chlamydospore-10.88x10.06μm 

	10. 
	BPL30
	Bright white with light orange 
	Dull yellowish white colour 


	Raised fluffy white colour mycelium 


	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 25.20x6.25μm 

Micro conidia- 12.65x4.18μm 

Chlamydospore-11.97x11.48μm 

	11. 
	KLS42
	Creamy white 
	Yellowish orange color 


	Raised fluffy growth with small light yellowish white droplets on the mycelium
	Macro conidia - fusiform shape, blunt end, 4-5 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 34.26x4.93μm 

Micro conidia- 14.46x5.20μm 

Chlamydospore-11.45x10.75μm 

	12. 
	BKL25
	Bright white with light orange 
	Yellowish orange color 


	Raised fluffy growth with raised white colour growth of mycelium 
	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 27.20x6.25μm 

Micro conidia- 12.65x4.18μm 

Chlamydospore-11.37x10.48μm 

	13. 
	RWS60
	Dull white colour
	Dull whitish yellow colour 


	Raised fluffy growth with center ring growth of mycelium 


	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 37.95x7.26μm 

Micro conidia- 15.67x5.26μm 

Chlamydospore-10.88x10.06μm 

	14. 
	RMS50
	Bright white with light orange 
	Yellowish white colour 


	Raised fluffy growth with raised white colour growth of mycelium 
	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 28.20x6.25μm 

Micro conidia- 13.65x4.28μm 

Chlamydospore-12.87x11.48μm 

	15. 
	NHR40
	Bright white with light orange 
	Dull yellowish white colour 


	Raised fluffy growth with raised white colour growth of mycelium 
	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 27.20x6.15μm 

Micro conidia- 11.65x4.28μm 

Chlamydospore-10.87x11.58μm 

	16. 
	KRR47
	Bright white with light orange 
	Yellowish orange color 


	Raised fluffy growth with raised white colour growth of mycelium 
	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 29.20x6.15μm 

Micro conidia- 12.65x4.18μm 

Chlamydospore-10.87x11.18μm 

	17. 
	BDR24
	Bright white colour 
	Yellowish orange color 


	Raised fluffy white colour mycelium 


	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, 0-1 septate 
	Macro conidia- 31.64x6.14μm 

Micro conidia- 22.26x5.49μm 

Chlamydospore-10.70x10.64μm 

	18. 
	JGW40
	Creamy white 
	Dull yellowish white colour 


	Raised fluffy growth with small light yellowish white droplets on the mycelium
	Macro conidia - fusiform shape, blunt end, 4-5 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 31.26x4.91μm 

Micro conidia- 14.46x5.20μm 

Chlamydospore-11.45x10.65μm 

	19. 
	MSR50
	Bright white with light orange 
	Yellowish orange color 


	Raised fluffy growth with raised white colour growth of mycelium 
	Macro conidia - fusiform shape, blunt end, 3 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 24.20x6.95μm 

Micro conidia- 13.65x4.78μm 

Chlamydospore-10.87x11.46μm 

	20. 
	KJI30
	Creamy white 
	Yellowish orange color 


	Raised fluffy growth with center ring and small light yellowish white droplets on the mycelium 
	Macro conidia - fusiform shape, blunt end, 4-5 septate 

Micro conidia – elliptical shape, slightly curved, 0-1 septate 
	Macro conidia- 32.19x5.12μm 

Micro conidia- 16.133x5.23μm 

Chlamydospore-10.84x11.32μm 
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 Fig. 1- Pictorial representation of incidence of pathogen among 20 villages (Fusarium oxysporum f. sp. vasinfectum)
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Plate.1- Cultural variations in different 20 isolates of Fusarium oxysporum f. sp. vasinfectum
Conclusion
The three-year survey data on Fusarium wilt disease incidence in cotton fields across 20 villages reveals substantial variation in disease occurrence, which appears to be influenced by multiple factors such as soil pH, soil texture, and geographic location. The highest pooled disease incidence was recorded in Pilibanga (28.38%), Goluwala (27.71%), Kirara (24.33%), Rampura (23.29%), Rawatsar (23.27%).
The lowest pooled incidence was observed in Motsar (7.82%), Jogiwala (8.78%), Sadulsahar (16.85%), Ramsara (16.91%), Kunji (17.58%). This shows a wide range of disease severity, from **<10% to >28%**, across different locations. Light-textured soils (L), as found in Goluwala, Pilibanga, and Rampura, are associated with higher disease incidence, suggesting that Fusarium wilt may be more severe in sandy/light soils due to better aeration and faster drainage, which favors the pathogen.

Villages with clay loam (CL) or clay-silty (Cl-Si) soils like Jogiwala and Motsar recorded lower incidence, possibly due to higher water retention and microbial antagonism that might suppress pathogen activity. The disease occurred across a wide pH range (6.1 to 7.4). Villages with slightly acidic to neutral pH (6.3–6.6), such as Dholipal, Sarni, and Nohar, had moderate to high disease incidence. Very high pH (≥7.3–7.4) soils (Goluwala, Pilibanga, Bhadra, Baropal) were often linked with higher wilt levels, suggesting pH above 7.2 may not suppress disease development. A general increase in disease incidence was observed in 2023 and 2024 compared to 2022 in most villages, possibly due to Favorable weather conditions, monocropping and pathogen buildup, reduced efficacy of current management practices. Pilibanga and Goluwala consistently showed very high disease pressure and may be considered hotspots for Fusarium wilt. Motsar and Jogiwala, despite similar coordinates and climate as neighboring villages, recorded remarkably low incidence, possibly due to resistant cultivars, better crop rotation, or biological suppression in soil.
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